Introduction
The submandibular saliva of patients suffering from cystic fibrosis has been reported to be turbid compared with the clear submandibular saliva of control subjects and also to possess high calcium and protein levels (Chernick et al., 1961; Gugler et al., 1967; Mandel et al., 1969) . These factors have been associated with the presence of an insoluble calcium-glycoprotein complex (di Sant'Agnese and Talamo, 1967) and have been proposed as the cause of widespread mucous obstruction in cystic fibrosis (Chernick et al., 1961; Sant'Agnese and Talamo, 1967) .
The submandibular gland produces a seromucoid secretion not dissimilar to the secretion of the tracheobronchial tract, and the saliva of this gland thus permits analyses to be made from a pathologically affected gland relatively free of contaminants (Chernick et al., 1961 The method of saliva collection was based on the procedures of Mandel et al. (1969) , the glands being stimulated by citric acid before collection of the submandibular saliva. After a preliminary introductory collection, four collections were performed where possible on all subjects. All samples were centrifuged at 37,000 g with a minimum time lag after collection, yielding an insoluble deposit and a clear supernatant. This deposit was dissolved in 4N hydrochloric acid (to original sample volume) and analyses were performed on both supernatant and dissolved deposit. Calcium was analysed by atomic absorption spectrophotometry, lanthanum chloride being used as diluent (Gow, 1965) . Phosphorus was determined by the colorimetric ascorbic acid molybdate method (Chen et al., 1956) and the results were expressed as HP042-mEq/1. The x-ray powder diffraction patterns were obtained by 14-hour exposures of the samples, Cu K a (Ni filtered) x-radiation being used. The samples (saliva deposit and synthetic sample of hydroxyapatite) had been previously ashed at 450' overnight and packed in 0-5 mm (internal diameter) Lindeman glass capillaries.
Results
The total calcium concentration was >3 5 mEq/1. in 85°of the cystic fibrosis samples (mean 4-61 mEq/1.), but >3 5 mEq/1. in only 170% of the control samples (mean 2-91 mEq/1.). In addition, 710h of the cystic fibrosis samples had a deposit calcium > 1 0 mEq/1. (mean 1-58 mEq/1.) in contrast to 22°' of the control samples (mean 0-63 mEq/1.). These results clearly show the high levels of total and insoluble calcium in the submandibular saliva of cystic fibrosis patients.
Little difference was found in mean total phosphorus between the two groups of subjects, the values being 6-93 and 7-06 mEq/1. for cystic fibrosis patients and control subjects respectively and the corresponding mean deposit values were 1-04 and 0-65 mEq/1.
The relationship of Ca' + and HPO42-in the insoluble deposit is shown in Fig. 1 Dische (1964) reported that mammalian mucus consisting of glycoproteins can appear in the form of either a gel or a solute, the transition from each state being affected by many factors. He reported that the pathogenetic factors in mucus can be related to its tendency to form, with suspended solid particles, gels of high structural viscosity. Braddock et al. (1970) reported that the ionic ratio of calcium to divalent phosphorus in the turbid saliva of cystic fibrosis patients was unity and in the non-turbid saliva of control subjects was 0-4. These workers inferred the possible existence of a positively charged colloidal calcium phosphate in turbid saliva which causes an aggregation of negative sialic acid groups attached to the salivary proteins, thus producing the turbidity. Data obtained on calcium and phosphorus determinations with sputum samples from children with cystic fibrosis suggest that a similar mechanism may be responsible for the formation of the abnormal tracheobronchial secretions (Braddock et al., 1971) .
Boat (1970) compared a highly purified calcium precipitable protein from submandibular saliva of cystic fibrosis and normal subjects and found no consistent differences. Specific factors were shown to enhance in vitro precipitation of this protein such as increasing calcium and protein concentrations and increasing pH above 7. It was concluded that raised calcium concentration is the major factor responsible for turbidity in submandibular saliva of cystic fibrosis patients. Gugler et al. (1967) , using polyacrylamide gel electrophoresis, observed that by decreasing the raised calcium levels in turbid cystic fibrosis submandibular saliva the gross appearance and the electrophoretic pattern became similar to that of normal saliva. They also observed that by conversely increasing the calcium levels in normal submandibular saliva a turbid appearance resulted and the electrophoretic pattern became identical to that of cystic fibrosis saliva, inferring that submandibular saliva in both normal and cystic fibrosis patients contains glycoproteins whose size and configuration are influenced by ionic calcium.
Our results have shown that while the levels of phosphorus are essentially the same in the two groups of patients, the higher concentration of calcium in the submandibular saliva of cystic fibrosis patients is responsible for the presence of hydroxyapatite in the insoluble deposit. Gugler's demonstration that the addition of calcium to normal submandibular saliva yields an identical saliva in appearance and electrophoretic pattern to cystic fibrosis saliva is presumably due to the simultaneous precipitation of hydroxyapatite and protein, once the critical ion product needed for precipitation is exceeded in regard to calcium and phosphate (Neuman and Neuman, 1958) .
Calcium is known to be increased in other cystic fibrosis mucous secretions, including tracheobronchial secretions (Chernick and Barbero, 1959) , duodenal contents (Kopito and Shwachman, 1964) , meconium (Kopito and Shwachman, 1966) , and seminal fluid (Rule et al., 1970) . It remains to be determined whether calcium precipitates as hydroxyapatite in these mucous secretions. Arterial metastatic calcification has been reported in two young cystic fibrosis patients (Kuhn et al., 1970) .
Our results suggest that the mucous obstruction of respiratory tract, gastrointestinal tract, and reproductive tract of cystic fibrosis patients may be due to the presence of highly polymerized units of glycoprotein and hydroxyapatite. 
